eyeball; it omits to show that the pulsatile force which is transmitted from the arteries through the wall of these vessels tends to drive fluid out of the eye. Nor, granting Professor Starling's hypothesis of filtration, does the schema represent the filtration scheme at all, because for capillaries he takes rubber, and apparently the perfusion fluid is water, and rubber is impermeable to water, whereas in the eye there are capillaries formed of wet films of protoplasm and watery fluids on either side of these. For filtration the tissue requires to be essentially a rigid wall, not the wet protoplasm films which one believes the ciliary processes to be. The same criticism as to rigidity applies to the experiment of Mr. Priestley Smith; in his trumpet the walls were of brass, and therefore the scheme did not apply. Professor Hill believes that the aqueous is a true secretion; he regards the ciliary processes as being wet protoplasmic films, and does not believe that filtration can exist within the eyeball. Professor Starling said that he found it difficult to follow Professor Hill's reasoning, and therefore he (the speaker) would like to elaborate that reasoning a little more, all the more so because a review had been published in the Ophthalmological Review by Mr. Erskine Henderson, which review was noteworthy for two facts: (1) That it devoted much space to the criticism of minutie; (2) that it totally missed the whole point of the paper, which was briefly dismissed as being underlaid by the same fallacies which characterized Professor Hill's views of the circulation in the tissues and elsewhere. He proposed now to elaborate these "fallacies," as Mr. Erskine Henderson calls them. These principles were based on Professor Hill's well-known work on the I Adjourned from December 12, 1912. Flack: Physiology of Intra-ocular Pressure circulation in the brain; that work had now been published mlany years, and it had never been proved to be wrong. It was well known that on exposing the brain the brain substance bulged into the trephine hole; this bulging was circulatory in origin, for when the circulation ceased the bulging also ceased. Therefore the brain-pressure was a circulatory pressure, which, was left over when the pressure due to the resistance in the arteries had been overcome-i.e., the pressure in the capillaries of the brain and pia mater. The pressure required to balance this brain-pressure, as measured by the compensation method, was the same, within the limits of experimental error, as the pressure of the cerebrospinal fluid and the pressure in the cerebral veins. The least excess over this pressure presses blood out of the capillaries. When Professor Hill talked of capillary-venous pressure he knew that it was slightly higher in the capillaries than in the venous sinuses, a slight gradient being necessary to maintain the flow; but the pressure transmitted through the wall of the capillary was equal to, not greater than, that in the veins. The venous outflow was not impeded by the pressure transmitted through the capillary wall. And since the pressure was equal to that in the brain substance, and in the cerebrospinal fluid, there could exist in the brain no force capable of producing filtration. So, too, in the eye. The eye, although not absolutely rigid, is sufficiently rigid for physiological purposes, and might more or less be regarded as a rigid box. Moreover, the skull of the child is not absolutely rigid, nor is that of a person who has been trephined, yet that weakening of the rigidity in no way interferes with the brain circulation. With regard to the eyeball itself, it had been shown by Koster that the raising of the pressure from 19 to 70 mm. of mercury increased the globe by seven-*thousandths of its original volume. Thus the globe was not to any great extent distensible.
Mr. Priestley Smith argued that the eye was capable of expansion because it was dimpled by applying pressure. But he would give a simpler explanation of that-namely, that pressure forces blood from the eye, and this could be verified by the use of the ophthalmoscope. Dr. Thomson Henderson would say he could confirm that fact. Let one suppose that the pressure in the choroidal fringes was greater than that in the other cerebral capillaries, and that the cerebrospinal fluid was filtered through by this access of pressure, then this fluid, being at a higher pressure, would compress the veins and capillaries elsewhere in the surrounding parts of the brain where the pressure was lower. The only condition in the brain under which filtration could take '64 place was when the skull was freely opened, and the cerebrospinal fluid allowed to escape. So with the eyeball: the condition necessary for filtration, in his view, was for the eyeball to be freely opened, and then one got, not aqueous, but a different fluid. According to Professor Hill's view, the same conditions would obtain in any encapsuled organ, and in the limbs and other parts of the body. The flow of tissue fluid was maintained not by any filtration process due to vis a tergo, but to the pulsatile expansion and shrinkage of organs, the action of the respiratory pump, the expressive action of muscles, extrinsic and intrinsic, the effects of gravity and of posture. In the simple type of animal, the pulsatile heart stirred up fluid in the coelomic cavity, and the glands were exposed to the same pressure in their secreting and conducting parts; in such animals filtration could play no part in the process of secretion. So in the mammal, the organ or tissue was exposed to the pressure transmitted through the walls of the blood-vessels. It was sometimes urged that as the secretory pressure of a salivary gland could go above the circulatory pressure, that was a true secretion and that the aqueous was not. Professor Hill and he had examined that recently, and had shown that in such gland there was a special arrangement of basement membranes and connective tissue, which enabled the secretory pressure to rise above the arterial pressure, and the blood flow was not interfered with. But their researches showed that in the eye the blood flow was interfered with when the pressure of the aqueous was made greater than the arterial pressure. Professor Starling said-and that they could confirm from their own researches-that there might be a pressure of 5 mm. of H20 in the tissue spaces-but he also stated there might be at the same time a pressure of 25 mm. of mercury in the capillaries. This, as the Professor said in criticism of Dr. Hill, is " pure assumption." Their experiments on tissue fluid were made by driving in a capillary needle under the skin, and measuring the pressure by the compensation method. One experiment he wished to draw attention to: The armlet of the sphygmomanometer was in position on the upper arm, and the arterial pressure having been found to be 120, the pressure in the armlet was lowered to and maintained at 115, so the blood flowed in through the arteries, but did not flow out through the veins. When the pressure in the veins taken by means of another armlet placed upon -the forearm reached 100 mm. of mercury (over 1,300 mm. of water), at that time the pressure, as measured in the dorsal capillaries in the hand, was only 50 to 60 mm. of water. These capillaries could be blanched by squeezing the fist. In explanation, he would say there were other and bigger capillaries lying more deeply, and the veins were filling up through them. Such experiments show that deductions drawn from the study of schemata cannot safely be applied to the circulation of the blood. The essential principle of the circulation was, that the heart pumped the blood into the capillaries, and that the movements of the body pumped it back again to the heart; that in the transference of the fluid by the secretory processes in the body, the controlling mechanism was the activity of the living cell, which was manifested in chemical reactions and physical phenomena, such as adsorption and osmosis, and that this secretory process was the same as took place in the formation of and extrusion of the vacuoles by the protozoa, and in which filtration could play no part. The tissue cells draw in fluid from the capillaries and secrete it by the chemicophysical forces which pertain to living protoplasm.
Dr. THOMSON HENDERSON said his views respecting the physiology of intra-ocular pressure were entirely dominated by Professor Leonard Hill's splendid work on the intracranial pressure, and therefore he maintained that the intra-ocular pressure was not a question of volume, but that, as in the case of the brain, it stood and varied with the intra-ocular venous pressure. He had not received the report of the last meeting, but he understood Professor Starling objected to that view, because it would mean that the venous pressure would be the same as the capillary pressure. 0Of course, such was not the case; the venous and the capillary pressures were distinct from each other and stood at different , levels. The schema of the intra-oc-ilar pressure, already referred to (vide fig. 3 , p. 35), showed that the intra-ocular pressure was the same as the venous pressure at the point of the venous exit. The points of the venous exit were, first and foremost for the subject under discussion, Schlemm's canal. Some authors do not admit that this is a venous sinus, but as he had pointed out elsewhere,1 serial sectioning conclusively proved that Schlemm's canal was a venous sinus. The other points of venous exit were the veins crossing the supra-choroidal space to pierce the sclera, and finally the central retinal vein on the disk.
The arguments in favour of the venous exit level of the intra-ocular pressure could, be stated very simply. Fluids were incompressible, transmitted their pressure equally in all directions, and always tended to lie at the lowest hydrostatic level. Now, in the elastic circulatory
